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STABILIZED ENZYME CONJU GATE 
COMPOSITION 

This application is a division of Ser. No. 775,882 ?led 
Sept. 13, 1985, now US. Pat. No. 4,782,023, which was 
a continuation of Ser. No. 576,824 ?led Feb. 3, 1984 
now abandoned. 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates to reagents for use in 

enzyme immunoassay (EIA) procedures. 
2. Background Art 
In immunoassay procedures typically used in clinical 

diagnostics, antibodies and antigens are conjugated 
with enzymes, forming enzyme conjugates, to detect 
the presence and/or amount of various analytes, i.e., 
antigens or antibodies in test samples prepared from 
biological ?uids such as plasma, serum, spinal ?uid or 
amniotic ?uid. The presence and/or the amount of the 
analyte can be determined by measuring the formation 
of resulting antibody-antigen-enzyme complexes. The 
conjugated enzymes can, for example, activate suitable 
indicator substances, such as dyes which produce a 
colorimetric change resulting from interaction of the 
enzyme and the dye. The colorimetric change can be 
determined instrumentally by measuring the absorbance 
of the dye solution, or in some cases, visually, to pro 
vide an indication of the analyte. In addition to the use 
of enzyme conjugated antibodies to detect antigens, 
such EIAs can also be used to detect the presence of 
antibodies by reversing the roles of antigens and anti 
bodies in the foregoing procedure. ' 
Two major problems confronting the development of 

EIAs are sensitivity and reagent stability. Enzyme con 
jugate compositions used in such assays are usually 
prepared well in advance of the time the assay proce 
dure is performed. Unfortunately, conventional conju 
gate compositions used as reagents in EIAs often suffer 
from substantial instability of their enzyme conjugates 
which causes their activity to diminish rapidly over 
time. This instability can be a signi?cant disadvantage 
because shipping, distribution to customers and storage 
in inventory usually involve substantial time delays 
between conjugate preparation and use, and can also 
subject the preparations to wide temperature variations 
and other conditions which exacerbate activity degra 
dation. Although current practices entail storage of 
enzyme conjugates in solutions such as saline and phos— 
phate buffered saline, such solutions, used alone, have 
been found to provide inadequate stability when solubi 
lized conjugates are subjected to temperature stress or 
stored for extended lengths of time. Accordingly, an 
enzyme conjugate composition which exhibits substan 
tially improved stability characteristics by comparison 
with known compositions would be greatly advanta 
geous. 

DEFINITION OF PERCENTAGE 

Unless otherwise indicated, the percentages indicated 
herein are weight/volume. 

SUMMARY OF THE INVENTION 

The present invention is based upon the discovery of 
a stabilized enzyme conjugate composition which can 
be advantageously utilized in enzyme immunoassays. 
Such a composition according to the invention com 
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2 
prises an enzyme conjugate, a calcium salt and a poly 
ethylene glycol. Preferably, the polyethylene glycol has ' 
an average molecular weight of from about 1,000 to 
about 20,000, and is present in the composition in an 
amount of from about 0.1% to about 10%. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The unexpected discovery that storage of an enzyme 
conjugate in an enzyme conjugate composition contain 
ing a polyethylene glycol and a calcium salt results in 
substantially enhanced stability, by comparison with 
storing similar conjugates in a solution containing either 
calcium or polyethylene glycol alone, or neither of 
these ingredients, has been studied by the present appli 
cants. In preferred embodiments of the invention de 
scribed infra, such studies were made in connection 
with the measurement of human immunoglobulin E 
(IgE). However, it is to be appreciated that the identity 
of the enzyme conjugate is not critical to the present 
invention, and that any enzyme conjugate, such as en 
zyme-conjugated antibodies to hepatitis A, hepatitis B, 
carcinoembryonic antigens, or a variety of other anti 
gens, or enzyme-conjugated antigens to antibodies, may 
be stabilized by application of the principles of the pres 
ent invention. 

Since only a relatively small amount of enzyme con 
jugate is needed for most immunoassays, the enzyme 
conjugate composition will usually be present in a aque 
ous solution of buffer or the like. In order to minimize 
cost, the amount of enzyme conjugate in the buffer is 
usually no more than about 1 microgram per milliliter 
(pg/ml). To maximize effectiveness, however, at least 
0.01 pg/ml of the enzyme conjugate is usually present 
in the solution. The identity of such a buffer is not criti 
cal to the present invention, and suitable buffers can be 
selected from a variety of aqueous solutions known in 
the art, such as saline solutions, borate solutions and 
other common buffers, such as phosphate and citrate. 
When the aqueous solution is a saline solution, it is 
generally preferred that it comprise about 0.1% to 2% 
sodium chloride. 
A variety of polyethylene glycols which are known 

in the art are suitable for use in the composition of the 
present invention. Such polyethylene glycols have been 
found, in combination with a calcium salt, to impart a 
high degree of stability to the enzyme conjugate com 
position of this invention. .Polyethylene glycols also 
have been found to provide the advantage of increasing 
the sensitivity of immunoassays in which the enzyme 
conjugate composition may be used, thereby decreasing 
the amount of enzyme conjugate required to detect the 
presence of a speci?c antigen or antibody in a test sam 
ple undergoing analysis. For a general discussion of the 
effects of polyethylene glycol in immunoassays, see 
“Rapid Solid-Phase Enzyme Immunoassay for Anti 
bodies to Viruses and Other Microbes: Effects of Poly 
ethylene Glycol”, Salonen and Vaheri, Journal of Im 
munological Methods, Volume 41, pp. 95-103 (1981). 

In a preferred embodiment, the polyethylene glycol 
utilized in the composition of this invention has an aver 
age molecular weight of from about 1,000 to about 
20,000. Polyethylene glycols having an average molec 
ular weight of from about 6,000 to about 8,000 are most 
preferred. 
The amount of a polyethylene glycol which is advan 

tageously present in the enzyme conjugate composition 
of the invention can vary over a wide range. It is pre-' 
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ferred, however, that the polyethylene glycol be pres' 
ent in an amount of from about 0.1% to about 10%. In 
the interest of minimizing expense, however, it is pre 
ferred that the polyethylene glycol be present in an 
amount of from about 1% to about 4% and, most prefer 
ably, in an amount of from about 2% to about 3%. 
The present invention also requires that a calcium salt 

be present, together with the polyethylene glycol, in the 
enzyme conjugate compositon of this invention. The 
calcium salt can be selected from a wide variety of 
calcium ion-containing compounds known in the art. It 
is preferred, however, that the salt be chosen so that at 
least 0.1% thereof is water soluble. Calcium salts, such 
as calcium halides, for example, CaClz, CaBrz and CaIz, 
and mixtures thereof, and calcium salts of carboxylic 
acids, such as calcium acetate and calcium propionate, 
and mixtures thereof, are preferred. Calcium chloride 
and calcium propionate, and mixtures thereof, are par 
ticularly preferred. It is also preferred that the calcium 
salt be present in an amount of from about 0.05% to 
about 1%, with amounts of from about 0.1% to about 
0.3% being most desirable. 

SPECIFIC EMBODIMENTS 

Several experiments were conducted to demonstrate 
various aspects of the invention, and are described in 
the following Examples. Unless otherwise indicated, 
the results of these experiments were evaluated using 
the following procedure. 

Initially, all speciments and reagents were brought to 
room temperature (l5'—30° C.). Thereafter, a reaction 
tray was prepared by pipetting 200 microliters (pl) of 
phosphate buffered saline solution into each well in the 
tray, followed by 50 ul of specimen containing IgE 
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the absorbance of the solution was measured at 492 
nanometers (A492). 

COMPARATIVE EXAMPLE 1 

An experiment was performed, not in accordance 
with the invention, but to demonstrate the activity of a 
conventional enzyme conjugate composition after it 
was stored at 37° C. for 7 days. A solution was prepared 
which was composed of approximately 70% of a phos 
phate buffered saline solution, 29% gamma globulin 
free bovine serum, 1% goat serum and 0.1 jig/ml 
AbHRP enzyme conjugate. This solution was stored at 
37' C. for 7 days. After this time, samples of the solution 
were tested for activity of the AbHRP according to the 
procedure previously outlined. The absorbance of these 
samples is indicated in the following Table 1. 

EXAMPLE 2 

An experiment was performed in accordance with 
the invention to demonstrate the improvement in stabili 
zation of enzyme conjugates, even when subjected to 
storage and temperature stress, when the enzyme conju 
gate is incorporated in a composition comprising poly 
ethylene glycol and a calcium salt. A solution was pre 
pared using the same ingredients as those indicated in 
Comparative Example 1, except that the solution addi 
tionally contained 0.1% calcium propionate, as well as 
3.0% polyethylene glycol with an average molecular 
weight equal to about 8,000. This solution was stored at 
37' C. for 7 days,‘ after which the activity of the AbHRP 
was measured according to the procedure outlined su 
pra. The activity of the samples is set forth in the fol 
lowing Table I. As can be seen from a comparison of the 
results of Comparative Example 1 with the results of 

standards, control sera, or patient sera with known 35 Example 2, the AbHRP composition showed signi? 
quantities of human IgE, as indicated for each sample in cantly greater activity after being stored for 7 days at 
International units per milliliter (Iii/ml) in the Tables, 37° C. when it contained a calcium salt and a polyethyl 
infra. A single bead with rabbit antibody to human IgE ene glycol, by comparison with the activity of the en 
bound to the surface was placed in each well and the zyme conjugate stored in a composition wherein the 
tray and beads incubated at 37° C. for 30 minutes. The 40 calcium salt and polyethylene glycol were absent. 

TABLE I 
A492 

Example % Ca IgE IgE IgE IgE IgE 
No. % PEG Propionate 0 Iu/ml 5 Iu/ml 15 Iu/ml 100 Iu/ml 200 Iu/ml 

1 -- - 0.005 0.010 0.030 0.170 0.314 

2 3.0 0.1 0.033 0.119 0.279 1.053 1.355 

liquid was then removed from each well and each bead 
in its well washed 3 times with 4-5 ml solution deion 
ized water. A 200 pl portion of phosphate buffered 50 
saline containing horseradish peroxidase conjugated 
goat antibody (AbHRP) to human IgE, together with 
either a composition comprising a mixture of a polyeth 
ylene glycol and a calcium salt, in experiments con- EXAMPLES 3’ 4 and 5 
ducted according to the invention (Examples 2-5), or, 55 Several experiments were conducted to demonstrate 
in an experiment conducted not according to the inven- the present invention wherein the enzyme conjugate 
tion but as a control for comparison purposes, without composition contains a calcium salt and a polyethylene 
either of these ingredients present (Example 1) or only glycol. In each of Examples 3, 4 and 5, 0.1 pg/ml 
one ingredient present (Example 6) was added to each AbHRP was stored in a 0.9% saline solution which also 
well and the tray incubated at 37° C. for 30 minutes. 60 contained 29% newborn calf serum, 1% goat serum, 50 
After incubation, the liquid was removed and each bead jig/ml Garamycin (an antibiotic), and 3% polyethylene 
in its well washed 3 times with 4-5 ml deionized water. glycol with an average molecular weight of 6,000. In 
Each bead was then transferred to a reaction tube. A Examples 3, 4 and 5, the solution additionally contained 
solution of a chromogen (e.g., ortho-phenylenediamine) the concentrations of CaClz indicated in Table 11. These 
activated by peroxidase (300 pl) was thereafter pipetted 65 solutions were stored at 45° C. for 4 days. After this 
into each tube and the tubes incubated at room tempera 
ture for 30¢2 minutes. Sulfuric acid (1.0 ml, 1N) was 
added to each tube to stop the action of the enzyme, and 

time the activity of the solutions was determined by the 
procedure outlined supra. The results of these experi 
ments are indicated in Table II. ' 



4, 89 1,3 l l_ 
5 6 

sition of the invention as herein speci?cally described 
COMPARATIVE EXAMPLE 6 without departing from the spirit and scope of the in 

An experiment was performed wherein 0.1 pug/ml vention, which is de?ned solely in the following claims. 
AbHRP was stored in the solution used in Examples 3, 4 What is claimed is: 
and 5, except that the enzyme conjugate composition 5 1. In an enzyme immunoassay employing antibodies 
did not contain a calcium salt. This solution was stored or antigens conjugated with horseradish peroxidase to 
at 45° C. for 4 days, after which time its activity was form enzyme conjugates for detecting the presence 
determined according to the procedure outlined supra. and/or amount of analyte in a test sample, the improve 
The inclusion of both a calcium salt and a polyethylene ment comprising addition of a stable enzyme conjugate 
glycol in the enzyme conjugate composition resulted ;n 10 composition comprising a horseradish peroxidase con 
signi?cantly greater stabilility for the enzyme conjugate jugate and a stablizing effective amount of a calcium salt 
than when the enzyme conjugate was stored in a buffer and a polyethylene glycol. 
which contained polyethylene glycol alone (Table II). 2. An immunoassay according to claim 1 wherein the 

' TABLE 11 

A492 
Example IgE IgE IgE IgE IgE 

No. % PEG % CaClz 0 Iu/ml 5 Iu/ml 15 111/1111 10o Iu/rnl 200 Iu/ml 

3 3 0.2 0.045 0.132 0.291 1.124 1.370 
4 3 _ 0.3 0.047 0.131 0.278 1.021 1.357 
5 3 0.5 0.028 0.123 0.289 0.986 1.138 
6 3 - 0.004 0.050 0.123 0.545 0.717 

calcium salt is present in an amount of from about 
COMPARATIVE EXAMPLE 7 005% to about 1%_ 

An experiment was performed to demonstrate the 25 3. An immunoassay according to claim 2 wherein the 
effect of a calcium salt in the enzyme conjugate compo- calcium salt is present in an amount of from about 0.1% 
sition. Comparative Example 7 was carried out using to about 0.3%. 
the same solution as Example 2 except that the solution 4. An immunoassay according to claim 1 wherein the 
contained 0.1% by weight propionic acid instead of polyethylene glycol is present in an amount of from 
calcium propionate. Samples taken from this composi- ‘30 about 0.1% to about 10%. 
tion were stored at 37° C. for 7 days, after which time 5. An immunoassay according to claim 4 wherein the 
the activity of these samples was tested using the proce- polyethylene glycol is present in an amount of from 
dure outlined previously. The results of these tests are about 1% to about 4%. 
indicated in the following Table 111, wherein the results 6. An immunoassay according to claim 1 whereinthe 
of Example 2 are also reproduced for comparison. As 35 calcium salt is' calcium chloride or calcium propionate. 
shown, the solution which contained calcium propio- 7. An immunoassay according to claim 1 wherein the 
nate rather than propionic acid showed substantially polyethylene glycol has anaverage molecular weight of 
greater stability by comparison with the solution of from about 1,000 to about 20,000. 
Comparative Example 7 which did not contain the 8. An immunoassay according to claim 1 wherein the 
calcium salt. 40 enzy'me conjugate is present in an amount of from about 

TABLE III 
% A492 

Example Priopionic % Ca IgE IgE IgE IgE IgE 
No. % PEG Acid Propionate 0 Iu/ml 5 Iu/ml 15 Iu/ml 100 Iu/ml 200Iu/m1 

7 3 0.1 _ 0.021 0.092 0.238 0.842 1.132 
2 3 - 0.1 0.033 0.119 0.279 1.053 1.355 

It will be understood that various changes and modi- 0.01 to about 1.0 ug/ml. 
* # ?cations may be made in the enzyme conjugate compo- 50 "‘ * * 

55 

65 o 


